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ABSTRACT 

The Washingtor. Department of W1ldl1fe conducted a rainbow trout study on 
Ross Reser-vo1r from June 1, 1991 to May 31. 1992. This investigation was 
the second year of a proposed 5-year study to evaluate the etfect of 
spec1al sport fishing regulatlons ( 1mp!emented at the beqinnwg of the 
1990 fishing season) on revers1ng a historic decline in size and numbers 
of rainbow trout at Ross Lake. Studv objectives included estimatiDi"l of 
rtarvest and catch statistics for all species of trout and char-~ analysis 
of ra1nboN tr-out life history informat:Lon. estimation of the total s1ze 
of the 1992 overwintering fish population~ and evaluation of ra1nbow 
trout spawning timing and success in selected tributaries of Ross Lake. 
A stratified ranaom sampling design was used to develop all effort, catch 
and harvest estimates. 

Ross Lake anglers fished a total of 36,108 hours dur1ng the !991 fish1ng 
season, or 8,777 angler days. The total seasonal rainbow trout harvest 
estimate was 3,833 flsh, with a mean seasonal harvest rate o+ 0.103 fish 
per hour. Total catch (harvested+ released) was estimated at 13,162 
ra1nbow trout, with a mean catch rate of 0.366 f1sh per hour. The total 
seasonal dolly varden char, brook trout (char>, and cutthroat trout 
harvest estimates were 13, 19, and 4 fish, respectively. Total catch was 
estimated at 25 dolly varden char, 29 brook trout <char), and 11 
cutthroat trout. 

The new angling regulations continue to have s1gnificant impacts on 
angler effort, harvest rates and harvest at Ross Reservoir. Total 
est1mated !990 and 1991 seasonal angler effort decl1ned approximately 50 
percent from the mid-1980's and early 1970's. !"'ean overall harvest rates 
declined approximately 400 percent from stud1es conducted prior to 1990, 
while total estimated rainbow trout harvests are ten and five times 
smaller than harvests obtained in the early 1970's and mid-1980's, 
respec t1 ve I y. 

Five hydroacoustic surveys were conducted on the lower portion of Ross 
Lake from March through May of 1992. These surveys were used to 
establish lndex counts and estimate the total size of the reservoir·s 
fish population (flsh larger than s1x lnches). A total combined species 
population estimate of 37,263 fish was calculated for the reservoir from 
the index count data. Assuming catch data reflects relative species 
abundance, the total ra1nbow trout population was estimated at 37,082 
fish. Even though the 1992 rainbow trout population estimate 1ncreased 
approximately 81 percent over the 1991 estimate, large conf1dence 
intervals associated with the estimates preclude definitive conclusions 
about recovery. 

Seven spaw-nng surveys conducted on each of five U.S. tributar·ies to Ross 
Lake between May and July of 1992 resulted in a total enumeration of 
2,400 rainbow trOJt. Peak spawning cx:curred on most tributaries during 
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the first two weeks of June, with Lightning Creek recording the largest 
number of spawning fish. Roland Creek and Dry Creek continue to bE the 
most important index tributaries due to fish accessibility, flow~ spawner 
use, availability of spawning habitat, and visibility and accessibility 
by survey personnel. Observations of spawning rainbow trout 1n 1992 
indicate that numbers are much reduced from the mid-1980's, but are 
substantially higher than in 1991. 

Data collected fran ttle 1990-91 and 1991-92 ra1nbD.N trout study on Ross 
Reservoir st-ow the fish tJOp...ilation is still suffer1ng fr-orn the effects of 
past overharvest. These studies suggest the present rainbow trout 
populatiDil is still considerably below 1970's levels. Cont1nued 
evaluation and mortitoring of tile fish and fishery in resoonse to the ne.N 
regulations are necessar-y to promote recovery of rainbc::lv.J tra.~t stocks in 
Ross Reservoir. 
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I NTROOU:TI [)\1 

This ~eport summarizes the results of an angler harvest and rainbow 
trout study conducted on Ross Reservoir from June 1, 1991 to !"lay 31, 
1992. This is the second yea~ of an ongoing five-yea~ study by the 
Washington State Department of Wildlife CWDW) to evaluate the effect of 
special fishery regulations designed to reverse the decl1ne in size and 
numbers of ~ainbow trout in Ross Lake CJomston 1989, Looff 1991, Looff 
1992al. These ~egulations •~re implemented at the beg~nning of the 1990 
sport +ishlng seaSO\ by both the WDVJ and the British Columbia Div1sion 
of F1sh and Wildlife (8CF&WJ, and (with the exception of dolly varden 
char/bull trout) are identlcal for both agenc~es c llppendix J). 

The new fishery regulations are more restrictive than earlier 
regulations, and are expected to reduce angler harvest <reduced catch 
limit) and allow fish to spawn at least once before entering the fishery 
<increased minimum size limit). A bait restriction was necessary to 
reduce mortality of released fish, and a later season opener was enacted 
to perm1t spawning fish more time to ascend tributary streams before the 
fishery opened, and also to allow both Canadian and American anglers 
equal access to the lake on open~ng day. Johnston C!989l gives a 
complete list of all Washington State fishing regulations on the 
reservoir since 1933. 

This study was funded by the Skagit Environmental Endowment Commission 
CSEECl. The SEEC solicits, appcoves, and funds projects from a special 
fund using money set aside by Seattle City L~ght as part of a U.S. 
Federal Energy Regulatory Commission CFERCl permit recu~rement. 

Previous Studies 

The present study is a c01tinuation of fisheries studies conducted on 
Ross Reservoir by the WDW and BCF&W in 1985 and !986 (Scott and Peterson 
!986; Johnston 1989). Earlier in-depth fisheries studies -re also 
conducted on Ross Lake by the University of Washington Fisheries 
Research Institute (FRJ) at the time Seattle City Light CSCLl proposed 
to proceed with the third and final construction phase of Ross dam CHigh 
Ross). A number of studies have also been conducted on the upper Skagit 
River by BCF&W. A complete list of all major fisheries studies ~elated 
to Ross Reservoir is given in Resident Fishe~ies Study for Ross, Diablo 
and Gorge Lakes (Seattle Clty Light 1989). 

Study Area 

Ross Lake is an oligotrophic reservoir located at 49°N latitude and 
121 ·w longitude in the northeastern portion of Whatcom County, 
Washington and the southeastern portion of Fraser Cheam Regional 
D1strict, Bri t1sh Columbia <Figure J) ti Ttte reservoir is located within 
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the Skagit River watershed, and was formed by the co~struction of Ross 
Dam <1937-49) on the Skag~t R~ver. The lake dralns approxlmately 999 
square miles of the watershed upstream from tt!e dam. Surface elevatiDI'l 
of the lake is 1602.5 feet mean sea level (msl) at full pool and 1475 
feet msl at maximum drawdown. 

Physical characteristics of the reservoir vary seasonally due to winter 
drawdown by Seattle City Light for power and flood control purposes. 
Therefore, the following measurements are given for full pool elevations 
only. The reservoir is approximately 22 miles long, with the northern
most mile extending into Canada. Average width lS approximately one 
mile, and maximum width is ti.NO miles. The long a><is of the reservoir is 
oriented in a north-south direction, and is perpendicular .. to the 
direction of prevailing winds. Total surface acreage is 11,680 acres, 
of which 480 acres is located in British Columbia. iotal lake volume is 
estimated at 770,000 acre-ft. The lake basin is predomlnantly deep and 
steep-slded, although the northern portion of the lake lS relatively 
shallow. Maximum depth is 400 ft near· the base of the dam and mean 
reservoir depth is 123 ft. A summary of the physical characteristics of 
Ross Lake is glven in Table 1. 

Ross Reservoir is fed by the upper Skagit Rlver in Canada and several 
large, perennial streams on the U.S. side of the reservoir <Figure 2;. 

Ruby Creek, Lightnlng Creek, and Big Beaver Creek are the largest 
American tributaries, followed by Little Beaver, Devils, Silver, Arctic, 
No Name, Hozomeen, Dry, Pierce, and Roland Creeks. Physical 
characteristics and spawning habitat summaries of the major tributaries 
to Ross Lake are summarized in the Ross Lake Tributary Stream Catalog 
<Seattle City Light 1989). Numerous small, intermittent streams also 
drain into the lake. The Skagit River is the only outflow channel 
present. 

Rainbow trout <Oncorhynchus gairdneri) are the predominate sport fish in 
Ross Lake. A seasonal sport fishery exists on this species from July 
through October. Alsc present in the lake are dolly varden char 
CSalvelinus malma)/bull trout CSalvelinus confluentus), cutthroat trout 
(Oncorhynchus clarkii), and brook trout <Salvelinus fontinalis). 

Objectives 

The specific objectives of the !99!-92 Ross Lake study were as follows: 

1. Determine angler effort and distribution on the reservoir. 

2. Determine angler catch (kept and released), harvest <kept only), 
catch per unit effort (CPLJE), harvest per unit effort (1-PLJE), and 
angler distribution on the reservoir. 

3. Determine age distribution, age class strength, age versus length, 
age versus sexual maturity, and length at sexual maturity of rainbow 
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FIGURE 2. 
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Ross Lake and major tributaries. The perimeter of the lake 
at full pool ( 1602.5 feet msll is shown as a solid line, and 
the maxlmum drawdown contour (!475 feet msll is depicted as 
a dotted lwe. 
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all anglers contacted, . regardless of whether they t-k3d f 1n1shed fishing 
for the day. Two primary reasons for checking 1ncomplete anglers was 
that a large proportion of anglers did not continue fishing after 
indicating they were going to, and information would be lost from 
anglers that continued fishing but did not return before the \NOrl< day 
ended. 

Interviews consisted of the collection of angler catch and profile data. 
The following catch information was recorded for eacn species of trout 
and char captured: 

time of interview 
- time angler started fishing (to the nearest 15 minutes) 
whethe~ angle~ had flnlshed fishlng for the day 
specles 
number of fish harvested 

- number of fish released 
size range of fish released 
captu~e location <discussec below) 

As in the 197o·s, 1985, and 1986 studies, the reservoir was arbitrarily 
divided into seven zones for purposes of determining distribution of 
angle~ effort, CPUE <catch per unit effort), HPUE (harvest per unit 
effort), and catch and harvest informat1on. The location of each of 
these zones is shc.J!.Nr1 in Figure 3. Tl-lese zones are numbered the same as 
shown in the 1989 report (Johnston 1989). 

The following angler profile information was collected for each angler 
interv iev-.;ed: 

age category (adult, juvenile) 
fishing methoc (boat, shore, float tube) 

- angllng gear <lure, fly) 

The following biological information was collected f~om a random sample 
of the angler harvest for rainbow trout only: 

nose to fork length of harvested fish (mm) 
se>< 
scales for aging <discussec below) 
sexual maturity <discussed below) 

Approximately 20-30 scales were collected from each ralnbow trout 
sampled. Scales were removed from an area formed by an imaginary line 
drawn from the rear insertion of the dorsal fin and front insertion of 
the anal fin aoproxlmately 3-5 scale rows above the lateral line. 
Scales were then placed in scale envelopes and the date, capture area, 
species, fork length (mm), sex and sexual maturity <if collected) 
recorded on the outside. Five scales fran each sample were later 
cleaned and mounted on a glass slide using a cover sllp and transparent 
tape. A microfiche reader <35X) was then used to age each sample. Only 
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samples containing at least two good scales that did not exhibit 
regenerated areas were usee. After aging all of the samples once to 
determine growth patterns and other characteristics, the scales were 
aged a second time. If the two readings did not agree, a third read>ng 
was done. The final result of this third reading was considered to be 
the age of the sample. 

A subset of rainbow trout that were sampled for scale analysis were also 
examined for sexual maturity on the basis of gonadal development. 
Sexual maturity information was only collected from trout sampled dur>ng 
the month of July, since newly developing egg skeins and sperm sacs of 
recently spawned fish appear identical <very small size) to those of 
immature fish after this time. In addition, sexual maturity 
determinat>ons are further hindered by the rapid disappearance of 
secondary extennal sexual characteristics, and resorption of unspawned 
gametes following spawning. 

Fish were classified as mature if testes were enlarged or contained 
sperm in males, and if eggs were in an advanced stage of development or 
freely flowing in females. External spawning characteristics, such as 
dark color, emaciated condition, and enhanced color of the red side 
stripe, served as secondary aids to classification of mature fish of 
both sexes. Fish were classified as immature if male testes and female 
egg ske>ns were small and poorly developed. 

Separate measurements were collected for dolly varden char/bull trout to 
assist current WDW studies aimed at delineating the geographic ranges of 
these two species whose external physical characteristics are visually 
almost identical. A special linear discriminant function developed by 
Haas <1988> at the University of British Columbia was usee to 
distinguish between the two species. This ecuation recuires the 
collection of the following four external physical measurements: 

- number of branchiostegal rays <slender bones in the gill 
membranesi on both right and left sides 
maxillary length 
number of principal anal fin rays 
standard length (nose to last vertebra> in millimeters 

The function for species identification is as follows <Haas and McPhail 
1991): 

1> [ <0.629 * branchiostegal ray number>+ <0.178 *anal fin 
number>+ <37.310 * (maxillary length/standard length)) l 
- 21.8 

where, dolly varden <O and bull trout >O. 
Char fork length (mm) was also measured to compare with data collected 
from earlier studies at Ross Reservoir. 
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A total seasonal estimate of 37,104 ~ 2.058 hou~s was calculated for 
effo~t data that was separated lnto zcnes ( Table 7 and Pip{:X.?f!dix 4). 
From F~·gure 7, it can be seen that most effort was e>-:pended in zones 
6-Hozomeen (28/.), 2-Big Beave~ (23/.), 1-Ruby ( lT/.) and 7-Canada ( 10"/.). 
The t~ree access areas we~e either located within or immediately 
adjacent to these +our zones. Zones 3-0evlls ( 101.), 4-Llghtnlng (8/. J, 

and 5-Llttle Beaver <BZ> comprised the r·emaining effort. 

A total seasonal effort estimate of 37,104 ± 2,254 hours was calculated 
for effort data that was separated into access a~eas ( Table 7 and 
fippendix 5). An estimated total of 19,947 hours <541.1 was calculated 
for anglers utilizing the ~esort~ 13,313 hours <36%) for anglers at 
Hozomeen, and 3845 hours (10/.1 for anglers in Canada. 

1991 Season - Angle~ Catch and Harvest RatPs 

The mean seasonal catch rate (combination of harvested and released) for 
ra1nbow trout was 0.366 ± <0.001 fish per hour (Table 8, daytype 
estimate). The standard error of the estimated mean catch rate was very 
small (+/- 0.08 percent), indicating excellent precision. Catch rates 
varied throughout the season (Figure 8 and fippendix 61, declining from a 
seasonal high in July (0.418 CPUEI to a seasonal low in August (0.314 
CPUEI, and gradually increasing in September (0.339 CPUEI and October 
<0.377 CPLJE). 

The mean seasonal harvest rate for rainbow trout was 0.103 ± <0.001 fish 
per hour (Table 8, daytype estimate). The standard error of the 
estimated mean harvest rate was very small (~ 0.1 percent), indicating 
excellent precision. As shawl in F~·gure B, harvest rates for rainbc:JV.J 
trout progressively decreased from a seasonal high in July <0.124 HPUEI 
to a seasonal low 1n September <0.086 HPUEl, then increased 1n October 
<0.100 HPUEI. 

Mean seasonal catch and harvest rates for zone and access area estimates 
are identical to daytype estimates ( Table f3), since all three estimates 
were calculated from the same creel data. As shov.r1 in Table 8 and 
Figure 9, the highest seasonal catch rates for rainbow trOLJ.t ( ZOfle 

estimate) occurred at the south end of the lake in zones 3-Devils (0.433 
CPUEl and 2-Big Beaver <0.395 CPUEI. The lowest seasonal catch rates 
=curred at the north end of the lake in zones ?-Canada <0.215 CPUEI and 
6-Hozomeen <0.324 CPUEI. Intermediate catch rates =curred 1n 5-Little 
Beaver <0.357 CPUEI, 4-Lightning (0.355 CPUEI, and !-Ruby (0.346 CPUEI. 
Rainbow trout harvest rates were fairly constant over the entire lake 
<approximately one fish per ten hours of flshing effort!, but were 
slightly higher in zones 6-Hozomeen <0.118 HPUEI and 2-Big Beaver (0.110 
HPUEI, and somewhat lower in zones !-Ruby <0.070 HPUEI ar1d ?-Canada 
<0.081 f-PLEI. Morthly and seasonal catch and harvest rate estimates for 
the different zone strata are listed in Hppendix 7. 

As shov.r1 in Table 8, resort anglers had the highest seasonal catch rate 
(access area estimate) for rainbow trout <0.389 CPUE)~ An intermediate 
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TABLE 8. Estimated mean seasonal catch and har-vest rates for ra,nbow 
trout in the Ross Reservoir sport fishery, July 1 to October 
31, 1991. 

Rainbow Trout Catch per Hour• 

Type" Strata N<' Harvested Released Total 

Day type Opener 49 .153 ( .. 0032) .561 ( .0137) .714 (.0138) 
Weekday 673 .105 ( .0003) .286 ( .0006) .391 ( .0007) 
Weekend 826 .097 ( .0002) .216 ( .0004) .313 ( .0005) 

Mean .103 ( .0001) .263 ( .0003) .366 ( .0003) 

Zoned 1 Rby 273 .070 ( .0006) .276 ( .0022) .346 ( .0022) 
2 Bbv 433 .110 ( .0004) .286 ( .0009) .395 ( .0011) 
3 Dev 166 .103 ( .0009) .330 ( .0025) .433 ( .0029) 
4 Lit 66 .101 ( .0023) .253 ( .0047) .355 ( .0060) 
5 Lbv 115 .100 ( .0014) .256 ( .0027) .357 ( .0034) 
6 Hoz 453 .118 ( .0004) .205 ( .0007> .324 ( .0009) 
7 Can 42 .081 ( .0042) .134 ( .0060) .215 ( .0088) 

Mean .103 <.0001) .263 ( .0003) .366 ( .0003) 

Access Resort 929 .099 ( .0002) .290 ( .0005) .389 ( .0005) 
Hozomeen 577 .113 ( .0003) .218 (.0006) .331 ( .0007) 

Canada 42 .081 ( .0042) .134 ( .0060) .215 ( .0088) 
Mean .103 <.0001) .263 ( .0003) .366 ( .0003) 

•Standard error of estimated mean catch per hcur given in parentheses. 
Multiply the standard error by 2 to obtain a rough estimate of the 951. 
confidence interval. 

"Type of estimate. Daytype estimates are the most accurate based on 
sample design, and are the values reported for this study <see text). 

cNumber of anglers surveyed. 

d5ee Figure 3 for location of lake survey zones. 
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catch rate was r-eturned by anglers util.1zing the Hozomeer~ access (0.331 
CPUE), while anglers fishing in Canada experienced the lowest catch rate 
W.215 CPLJE). The highest r-ainbow tr-out har-vest r-ates wer-e r-etur-ned by 
anglers utilizing the Hozomeen access (0.113 HPUE), and the lCJ\r.Jest from 
anglers fishing in Canada (0.081 f--PUE). Resort anglers had an 

intennediate harvest rate of 0.099 fish per !'"lour. Monthly and seasonal 
catch and harvest rate estimates for the different access area strata 
can be found in Appendix 8. 

Angler catch and harvest rate es~~mates for dolly varden char/bull 
trout, cutthroat trout, and eastern brook trout (char) were low durlng 
the 1991 spor-t fishing season at Ross Lake ( Table 9 and Appendix 9-J J). 

~ean seasonal catch rates for the two char species (dolly varden/bull 
trout and eastern brook trout were 0.001 ± <<0.001 fi.sh per- hour, while 
catch rates for cutthroat trout were less than 0.001 fish per hour 
(daytype estimates). 

f"lean seasonal catch and harvest rate estimates for· all species of tr-out 
and char combined are given in Table 9 and Appendix 12. The mean 
seasonal catch r-ate of all species comb1ned was 0.367 ~ 0.001 fish per 
hour, while the seasonal harvest rate was 0.104 ~ <0.001 fish per hour 
(daytype estlmates). 

1991 Season - Angler Catch and Harvest 

The total seasonal catch (comblnation of harvested and released) of 
rainbow trout was 13,162 ~ 387 fish (Table 10, daytype estimate). The 
standard error of the estimated seasonal catch was small (± 1.5 
percent), indicating good precision. Total catch dropped sharply from a 
seasonal high of 5,735 fish ln July to 2,750 in August, then declined 
more slowly to 2,636 fish in September and 2,041 in October <Figure 10 
and Appendix 13;. 

The total seasonal harvest of rainbow trout was 3,833 ~ 130 fish ( Table 
10, daytype estimate). Tt-e standard error of tile estimatE?d seasonal 
harvest was small (~ 1.7 percent), ind1cating good precision. As shown 
in Figure 10, harvest of rainbow trout also decreased throughout the 
season. Total harvest was highest 1n July (47%), moderate in August 
( 22/. ) and September ( 1 7'/. ) , and I owes t in Oc tober ( 14% ) . 

A total seasonal catch estimate of 13,497 ± 658 rainbow trout were 
calculated for data that was separated into zones ( Table 10 and Appendix 
14). As shown in Figure 11, the greatest catch of rainbow trout was 
caught at the north end of the lake in zone 6-Hozomeen (27%), and at the 
south end of the lake in zone 2-Big Beaver (24%). lntermec1ate catch 
totals occured in zones 3-Devils (!?/.), !-Ruby ClZ/.), and 5-Little 
Beaver (11%), while lowest catch totals occur-r-ed 1n zones 4-Lightning 
(//.)and 7-Canada (//.). A total seasonal harvest estimate of 4,074 ~ 
280 rainbow trout was distributed slmilar to catch for the different 
zones. The greatest number-s wer-e harvested in z01es 6-Hozomeen (33/.) 
and 2-Big Beaver (23/.), while lower numbers were harvested in zones 
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TABLE 10. Estlmated total seasonal catch and ha~vest of ~alnbow t~out 
in the Ross Reservoir sport fishery, July 1 to October 31, 
1991. 

Ralnbow T~out Catch~ 

Typec St~ata N<' Harvested Released Total 

Daytype Opener 49 114 <2.4) 418 ( 10.2) 53! ( 10.5) 
Weekday 673 2181 <54.9) 5479 ( 164.8) 7660 ( 173. 7) 

Weekend 826 1539 (34.3) 3431 <77.2) 4970 (84.5) 
Total 3833 (64.8) 9328 (182.3) 13162 ( 193.4) 

Zone0 1 Rby 273 328 (22.9) 1274 (88.4) 1602 (91.3) 
2 8bv 43~ '-/31 (60.4) 2298 ( 144.3) 3229 ( 156.4) 
3 Dev 166 389 <32.1) 1221 ( 104.3) 1610 ( 109.1) 
4 Lit 66 288 (34.7) 731 (89.3) 1018 (95.8) 
5 Lbv 115 422 (75.6) 1025 (148.0) 1447 ( 166.2) 
6 Hoz 453 1341 ( 67.!) 2288 ( 114.0) 3629 ( 132.3) 
7 Can 42 374 (54.6) 586 (78.4) 960 (95.5) 
Total 4074 (140.0) 9423 (297.5) 13497 (328.8) 

Ace cess Resort 929 1977 (87.2) 5697 (249.8) 7674 (264.6) 
t-iozomeen 577 1616 (73.9) 3110 (140.8) 4726 ( 159.0) 

Canada 42 374 (54.6) 586 (78.4) 960 (95.5) 
Total 3967 ( 126. 7) 9393 (297.3) 13359 <323.1) 

-Standard er~or of estimated total catch given in parentheses. I'Ll tipl y 
the standard error by 2 to obtain a rough estimate of the 95% 
confidence interval. 

0 Type of estimate. Daytype estimates are the most accurate based on 
sample design, and are the values reported for this study (see text). 

cNumber of anglers surveyed. 

"'See Figure 3 for location of lake survey zones. 
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5-Little Beaver(10/.). 3-Devils <10/.l, 7-Canada (9/.), 1-Rubv (8/.), and 
4-Lightning (7/.). 

A total seasonal catch est1mate of 13.359 ± 646 rainbow trout were 
calculated for data that was separated into access areas ( Table 10 and 
Hppend~-x 15!. Anglers originating from Ross Lake Resort caught the 
largest numbers of ralnbow trout (58/.). Anglers utllizlng the H<fzomeen 
access also caught a large proportion of the catch (35%), while anglers 
using the Canadian access caught the fewest fish (7/.). A total seasonal 
harvest estimate of 3.967 ~ 253 rainbow trout followed the same 
distributional pattern as catch. More fish were harvested by anglers 
utilizing the resort <50/.), than by anglers originat~ng from either 
Hozomeen (41/.) or Canada (9/.). 

Catch and harvest estimates for dolly varden/bull trout char. cutthroat 
trout, and eastern brook trout Cchar) were low during the 1991 sport 
fishing season at Ross Lake (Table 11 and Appendix 16-18!. Total 
seasonal catch of the two char species were 25 ± 2 dolly varden/bull 
trout and 29 :!: 3 eastern brook trout_ while the total catch o.f cutthroat 
trout was 11 ± 2 flsh (daytype estlmate). 

Total seasonal catch and harvest estlmates for all species of trout and 
char- combined are given in Table 11 and Appendix 19. The total seasonal 
catch of all species combined was 13,226 ~ 388 fish, while the seasonal 
harvest was 3,R70 ± 131 fish (daytype estlmate). 

1991 Seasor - Angling Methods and Gear 

The majority (99.9/.) of anglers at Ross Lake used boats in 1991 
(Table 12J. Only one shore angler W.1/.l was interviewed the entire 
season. The most popular angling method was trolling with flashers and 
lures (93.6/.), followed by trolllng with flies (6.3/.), and casting lures 
from shore (0.1/.). Bait flshing is no longer permitted under the new 
regulatlons (implemented at the beginning of the 1990 sport fishing 
season> .. 

Anglers trolling lures caught 95.8 percent of the total harvest, and had 
a HPUE of 0.104 fish per hour (Table 12). Anglers trolllng flies caught 
4.1 percent of the catch, and had a HPUE of 0.080 fish per hour. One 
fish was harvested at the Hozomeen access by an angler casting lures 
frcm shore .. 

1991 Season - Age 

A total of 321 rainbow trout scale samples from the 1991 angler sport 
harvest were read for age determination.. Age 4 fish were the most 
abundant age class, comprising sixty percent of the total sample 
(Table 13!. The remaining fish were age 3 ( 15/.), age 5 <23/.), and age 6 
(2/.). Age 4 fish were the dominant age class throughout tre entire 
season .. 
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TABLE 12. Harvest, harvest rates, and number of anglers fishlng for 
rainbow trout using different types of gear and methods 
du~"ng the 1991 spo~t flshlng season-. 

Gea~type~ Resort Hozomeen Canada Total Percent 

Af\.GLERS 

bl 895 531 23 1449 93.6 
bf 34 45 19 98 6.3 
sl 0 1 0 0.1 

Total 929 577 42 1548 100.0 

HARVEST 

bl 397 235 5 637 95.8 
bf 9 14 4 27 4. 1 
sl 0 1 0 1 0.2 

Total 406 250 9 665 100.0 

HPL.E: 

bl 0.100 0.114 0.078 0.104 
bf 0.069 0.087 0.083 0.080 
sl 0 4.000 0 4.000 

Mean 0.099 0.113 0.081 0.103 

-Data compiled f~om combined (complete + incomplete! t~ip angle~s. 

0 bl = boat, t~olling lu~e 

bf = boat, t~olling fly 
sl = shore~ casting lure 
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Occurrence of age 3 .fish decreased over the first three months o-f tr'le 
season, then 1ncreased to July levels in October (Table 13>. 
Conversely, age 4 fish increased from July to September, then declined 
to July levels in Octobe~. Both age 5 and age 6 flsh exhibited 
relatively constant occurrence in the harvest throughout the season. 

1991 Season - Length 

A total of 445 rainbow trout were measured during the 1991 fishing 
season (Table 14). The minimum size regulat1ons restrict angler harvest 
to flsh la'lge~ than 13 inches (330 mml total length. A fork length of 
317 mm is an approximate equivalent to the 330 mm (total length) minimum 
size restriction. The average fork length of angler harvested rainbow 
trout during the 1991 seascr1 was 335 mm. Sizes ranged from a low of 292 
mm (illegally harvested) to a hlgh of 411 mm. Average size slowly 
declined as the season progressed. Life history characteristics that 
may be responsible for the apparent temporal decrease in average size of 
specific age classes wlll be presented ln a later section of this 
report. 

Length at age information for the rainbow trout harvest is shown in 
Table 15. As expected, average fork length increases with each 
success1ve age class. Age 3 fish averaged 302 mm, age 4 fish averaged 
329 mm, age 5 fish averaged 359 mm, and age 6 fish averaged 383 mm. 

Table 16 and Figure 12 show the summer growth of rainbow trout in Ross 
Lake, as reflected by the size of fish ln the angler sport harvest. 
Age 3 fish showed a slight increase in average size as the season 
progressed~ increasing from 294 mm in July to 312 mm in October. Growth 
of age 4 and age 5 flsh remalned relatively constant throughout the 
season, varying little from seasonal averages of 329 mm and 359 mm~ 
respectively. A small sample size (n=7l p~ecludec any definitive growth 
analysis of age 6 fish. As rnef"'tioned ear·lier in this section, factors 
that may be ~esponsible for statlc and/o~ negative temporal growth of 
specific age classes of fish will be presented in a later section of 
this report. 

Monthly and seasonal length-frequency histograms of angler harvested 
rainbow trOJt at Ross Reservoir are srov..n in F1.·gure J:S. The abscissa 
scale values are standardized to facilitate comparison. All five 
hlstograms (monthly and seasonal) closely ~esemble the standard normal 
curve, and are predominantly centered around tile 330--340 mm fork length 
interval. The legal size limit is 330 mm total length or approximately 
317 mm fork length. The August and September histog~ams are vertically 
compressed compared to the July and October histograms. 

1991 Season - Se>: 

A total of 2"17 rainbow trout were sampled from the seasonal spcrt 
harvest for se}<: determination. Males constituted 41 percent of the 
total sample <n=123l, while females accounted for 59 percent (n=174). 
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TABLE 15. Rainbow t~out length lnfo~mation. by age, from the 1991 sport 
harvest at Ross Reservoir. 

Fork Length (mm) 

Age Number Percent Average Minimum Maximum 

3 47 15 302 292 371 
4 193 60 329 305 370 
5 74 23 359 335 396 
6 7 2 383 360 411 

TABLE 16. Average fork length Cmml of rainbow trout, grouped by month 
and age class, from the !991 sport harvest at Ross Reservolr. 

JL.L 5EP OCT SEASQ\J 

Tl-f1EE: n 24 11 4 8 47 
avg 294 308 309 312 302 

FOUR: n 62 51 59 21 193 
avg 329 326 333 326 329 

FIVE: n 28 20 15 11 74 
avg 358 358 36! 359 359 

SIX: n 4 1 1 1 7 
avg 371 396 392 411 383 
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FIGLRE 13. LB'lgth-fl"equency distl"ibution of r·ainbow tl"out sampled fl"om 
the 1991 Ross Lake sport harvest. Minimum legal size limit 
is appl"oximately 317 mm fol"k length. Abscissa values 
indicate lower limit of length interval. 
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The north end sample <n~l28) was comprised of 40 percent males and 60 
pe~cent females, while the south end sample (n=l69i was composed of 43 
percent males and 57 percent females. 

1991 Season -Sexual f"latur1.ty 

A random sample of 97 rainbow trout from the seasonal sport harvest were 
checked for gonadal development < Table 17'!. l1M1atur-e hsh camp~ ised 51 
percent of the sample, while the rema1.ning 49 percent were mature. 
f1ales were composed of 59 percent mature and 41 percent immature fish, 
while ferr~les were comprised of 43 percent mature and 57 percent 
1.mmature fish. 

Table 18 shows the aver-·age fork length and size range of a random sample 
of 85 rainbow trout from the seasonal sport harvest, separated by 
access, sex, sexual maturity, and age~ The north end sample (n;32) was 
comprised of 81 percent immature fish, while only 19 percent were 
mature. The male sample was composed of 8(! percent immature (average 
length = 342 mm), and 20 pe~cent mature fish <average length = 350 rnmi. 
Eighty-two percent of the female sample were ~mmature f~sh <ave~age 
length= 318 mmi, while 18 percent were mature (average length= 367 
mm). 

The south end sample <n~53) was comprised of thirty-six percent immature 
fish, while 64 percent were matu~e <Table lBi. The male sample was 
composed of 21 pe~cent immatu~e <ave~age length= 312 mm), and 79 
pe~cent matu~e fish <average length = 346 mmi. Fou~ty-eight pe~cent of 
the female sample were immature fish (ave~age length= 322 mmi, while 52 
percent were mature (average length= 339 mm). 

1991 Season - Additional Data 

Forty-three percent of the interviewed angle~s that were fishing for 
~ainbow trout during the 1991 sport fishing season at Ross Reservoir 
were unsuccessful at catching a fish (F.igure 141. The remaining anglers 
<57%) we~e successful at catching f~om one to twenty-five fish. Seventy 
percent of the anglers were unsuccessful in harvesting a legal rainbow 
trout, while the remaining anglers harvested one (20%), two C7%>, and 
three (3/.) fish. 

Very few of the remaining species of trout and char were caught and/or 
ha~vested by interviewed angle~s du~ing the season C Figure 15J. Fou~ 

anglers each reported catching one dolly varden char, two of which were 
harvested. Simila~ly, four angle~s caught one b~ook trout (char) each, 
two of the anglers harvesting thei~ catch. Only two anglers reported 
catchlng a cutthroat trout, one of which was harvested. 

1991 Season - Dolly Va~don Cha~/Bull T~out 

Four dolly vardef'l and/or bull trout char ~Nere measured for (possible 
future) spec~es classificat~on dur~ng the 1991-92 study at Ross Lake. 
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TABLE 18. Rainbow trout age and length informat>on, grouped by access 
area, sex and matur1ty, from the 1991 sport narvest at Ross 
Reservoir-. 

Fork Length (mml 

A:: cess Sex f'iaturi ty Age N Avg ~lin Max 

rbzomeen Male Mature 4 1 335 335 335 
5 1 365 365 365 

Immature 3 " 320 310 330 ~ 

4 4 340 320 350 
5 2 369 356 382 

Female i1ature 4 2 357 350 364 
5 2 378 370 385 

Immature 3 4 321 310 330 
4 11 304 308 362 
5 3 362 355 365 

Resort Male Mature 3 2 319 313 325 
4 10 342 318 366 
5 6 358 342 380 
6 " 1 362 362 362 

Immature 3 2 315 300 330 
4 3 311 305 319 

Female Mature 4 8 328 313 348 
5 7 352 335 385 

Immature 3 5 307 295 315 
4 8 328 318 335 
5 353 353 353 
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Three fish wer-e samoled during the 1991 fishing season. while ttte fourth 
was caught off the mouth of Ruby Creek in ~lay 1992 by the author 
(Table J'?J. All four flsh keyed out as bull trout when classlfied 
accor-ding to the linear discr-iminant function developed by Haas (1988). 

Hydroacoustic Surveys 

Five hydroacoustic surveys wer-e conducted on Ross Lake between Mar-ch 25 
and May 5, 1992. A total of 139 fish were recorded for the f1ve 
survevs. r--esulting in an average of 27.8 fish per survey <Table 2()). 

Index counts varied as much as 50 percent between surveys, ranging from 
18 to 36 fish per survey~ There was no appreciable difference in the 
average number of fish recorded between morning and afternoon surveys 
(AM average= 27.7, PM average= 28.0l. 

Pooulation estimates for the five hvdroacoustic surveys are given in 
Table 21. Based on the assumption that per-cent species occurrence ur 
the soort catch reflects species occurrence in the reservoir. rainbow 
trout population estimates for- the five surveys ranged from a high of 
51,145 fish to a low of 19,475. The total reservoir rainbow trout 
population was estimated at 37,082 ~ 23,808, while the total combined 
species <trout and char) population was estimated at 37,263 ~ 23,923. 
Standard errors of the rainbow trout and combined species population 
estimates are large,~ 31.9 percent for both estimates, indicating poor 
precision. 

The values shown may eventually be modified for the final completion 
report, since an accurate bottom contour map of sufficiently large scale 
has not yet been obta1ned from Seattle City Light. An accurate, large
scale map is needed for precise calculation of lake strata volumes and 
transect lengths. Estlmates should alsc be viewed with caution for 
reasons outlined earlier in the methods section of this re~=XJrt. 

Spawning Surveys 

Seven rainbc:>v-J trDLlt spav.ning surveys were conducted on Dry, Lightning, 
Pierce, Roland, and Thursday Creeks between May 3 and July 17, 1992 
(Table 22l. High water flows precluded surveys of Lightning Creek above 
the full pool elevation (1602 ft) on all survey dates. In addition, Dry 
Creek was not surveyed on May 3, and Thursday Creek was not surveyed on 
June 23 due to inclement weather. 

Survey results are summarized in Table 23. A total of 2,400 rainbow 
tro..Jt were counted during the seven spawning surveys~ Spawning fish 
were first observed on May 16, and all subsequent survey dates. The 
largest numbers of rainbow trout were counted on June 5, when a total of 
1,382 fish were recorded on the five tributaries. Lightning Creek 
recorded the largest spawner total for the season C1,554 fish), although 
the vast majority of these fish were observed adjacent to the stream 
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TABLE 20. Hydroacoustic index counts of trout and char• from the lower 
end of Ross Lake CRoss Dam to Rainbow Pointl f~om flve 
surveys conducted between March 25 and May 5, 1992. 

Transect 

Date0 Elev 1 2 3 4 5 6 7 

03/25 1535 1 0 0 2 

03/26 1534 0 0 0 0 7 0 3 

04/19 1533 5 0 0 6 3 3 3 

05/04 1548 3 2 3 3 2 :;, 

05/05 1549 6 1 3 2 1 2 2 

Mean 3 1 2 3 2 2 

•Fish larger· than 152 mm (6 in l. 

bAM COB00-1200) counts = 03/26, 04/19, and 05/05 
PM ( 12()()-1600) counts = 03/25 and 05/04 

-53-

8 9 10 11 Total 

8 3 5 23 

0 4 0 4 18 

3 0 5 29 

8 2 3 3 33 

6 2 5 6 36 

3 4 2 5 28 



TABLE 22. Elevations and distances surveyed• on Ross Reservoir index 
tributaries during rainbow trout spawning surveys from May 3 
to July 17, 1991. 

Eievatlon ( ft) 

Tributary Name D~stance ( ft) Minimum Maximum 

Dry Creek 1200 1602 1800 

Lightning Creek 1000 1602 1675 

Pierce Creek 85 1602 1615 

Roland Creek !500 1602 1835 

Trursday Creek 25 1602 1610 

•Baseline elevations and distances are measured from full pool upstream~ 
and do not include drawdown elevatlons and distances surveyed. 
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mouth. Roland Creek recorded the second hlghest spawner total (597 
fish), and because of size, accessibility, and available spawning 
habitat, is the best spawning indicator stream of those surveyed. 

Peak spawning probably occurred during the first two weeks of June on 
most of the tributaries surveyed. Spawning counts gradually declined on 
mast survey streams after June 5~ and surveys concluded on July 17 when 
thirty-one fish were observed in Dry, Pierce and Thursday Creeks. Four 
of these fish were spawning in the drawdown, while the remalning twenty
seven fish were milllng off the mouth of Thursday Creek~ and were 
probably kelts that hao recently completed spawning. 
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DISCUSSION 

The fish and fishery of Ross Lake (and the Canadian Skagit River) are 
dependent upon wild, naturally pr-oduced trou:t and char-. No hatche~y 
fish are planted directly into the lake or upper Skagit River, although 
two fish plants have recently been conducted in the Sumallo River 
(t~lbuta~y to the upper Skagit Rive~) by BCF&W. A resident strain of 
wild-origin Skagit River rainbow trout and a strain of Blackwater River 
rainbow trout were introduced into the Sumallo River in 1987 and 1988, 
respectively, in an attempt to increase fish production 1n tr~at section 
of the Canadian Skagit R1ver drainage (Slaney and Godin 1989; Rosenau 
and Slaney 1991). These introductions were determined by BCF&W to be 
unsuccessful, and plans for further plants have been canceled. 

Stability of the Ross Reservoir and Skagit River fish population 
appears, from analysis of historic data (Johnston 1989>, to be largely 
dependent upon restricting the harvest to only surplus fish above that 
required to maintain the population. This surplus is not a static 
number. since annual variability in environmental conditions, 
production, survival, and other factors can cause this number to change 
from year to year. It is desirable, therefore, to establish and 
implement a harvestable surplus value that represents a realistic worst 
case scenario. 

Johnston (1989> discusses the factors affect1ng optimum population 
numbers and angler harvest levels at Ross Reservoir, and discusses the 
importance of monitoring annual harvest levels to help evaluate 
fluctuations in the lake f1sh population. However, it is difficult to 
estimate optlmum harvest levels unless the annual variability in slze of 
the fish population is also known. Annual fluctuat1ons in total 
population size can be used to find total annual mortality rates, and 
depending on annual recruitment and survival rates, used to establish 
optimum harvest rates. Regulations can then be adjusted to acnieve 
harvest and spawning escapement goals. 

Through comparisons of cur~rent effort, HPLE, CPLE, harvest~ catch, 
population size, and spawner numbers with data collected in prev2ous 
years, lt is possible to determine the effectiveness of the new 
regulations in achieving current management goals. 

Effort 

Total est1mated 1991 seasonal angler effort remained markedly less than 
previous years as a result of the new restrictive fishing regulations. 
The 1991 estimated angler effort was 36,108 hours, while estimated 
angler effort was 74,098, 65,673, and 65,797 hours in 1971, 1985 and 
1986, respectively (Table 24>. This represents an effort decline of 
approximately 50 percent from the mid-1980's, and 55 percent from the 
early 1970's. Total 1991 estimated angler effort increased 
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appr-oximately 9 per-cent over the 1990 estimate of 33,216 hour-s. 

The nev.; regulations appear to be more of a deter-rent to anglers us1.ng 
the no~th end of the lake than to angle~s f1sh1ng f~om the south end. 
In 1971~ anglers from the south end accounted for 22 per-cent of the 
total seasonal effort ( 16,572 hours), while north end anglers accounted 
fo~ 78 pe~cent (57,526 hou~s). In 1990, 58 pe~cent of the seasonal 
effort total <21 ,509 hours) was contributed by south end anglers, while 
42 percent (15,311 hours) came from north end anglers. In 1991, 54 
percent of the seasonal effort total (19,947 hours) was cont~ibuted by 
south end anglers, while 46 percent <17,158 hours) came from north end 
anglers. Effort estimates for the different access areas are not 
available for the 1985 and 1986 study yea~s. 

Harvest Rates 

f1ean overall Call species combined) harvest rates also remained 
consider-ably lower than previOJs years due to the 1990 regulatiDfl 
changes. The mean seasonal HPUE in 1990 and 1991 was 0.12 and 0.10, 
respect1vely, while HPUE was 0.48 in 1971, 0.52 in 1972, 0.33 in 1985, 
and 0.41 in 1986 (Table~. The observed 1990 and 1991 harvest rate 
declines are due primarily to the 13-inch minimum size limit imposed at 
the beginning of the 1990 season. However, the decline may also be 
influenced by decreasing numbers of fish in the reservoir <as indicated 
by the HPUE decline from the early 1970's to the mid-1980's). 

f"lean overall monthly harvest rates tend to decline and then increase as 
the season progresses ( F:igure 16!. Harvest rates genera II y decline from 
the beginning of the season to August, and then increase in September 
and October to levels h1gher than at the start of the season. The 
initial HPUE decline is probably due to mature rainbow trout ascending 
tributary streams to spa~Ar~. In addition, sone fish may also be removed 
from the fishery when they enter streams on midsummer feeding runs 
(Johnston 1989). Subsequent HPUE increases in September and October may 
be due to migration patterns and/or recruitment. Studies of rainbow 
trout migration patterns 1n the Sumallo River suggest that trout may 
m1grate to the lake when water temperatures drop below 10•c (Slaney and 
Godin 1989; Rosenau and Slaney 1991). Summer growth of prev1ously 
undersized fish also recruits new numbers into the fishery. Very little 
increase in HPUE occurred in 1991 at the end of the season, with HPUE 
remaining relatively constant from July through October. 

Mean seasonal harvest rates for the different lake zones show 
contrasting patterns between the 1971-74, 1986, and 1990-91 fishing 
seasons (Table 26>. Overall harvest rates remained relative! y high 
throughout the different Jake zones in the early 1970's, but were lower 
at the north end (zones 5 and 6) and south end (zone 1) of the lake 1n 
1986. Johnston ( 1989) attributes the latter declines to excessive 
fishing mortality in zones adjacent to the two major access areas. In 
contrast~ 1990 rainbow trout harvest rates were markedly higher at the 
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FIGURE !6. Mean overall (all species combined) monthly harvest rates 
for the 1971, 1972, !985, !986, 1990, and 199! fishing 
seasons at Ross Reservoir. 
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north end of the lake (zones 5-71 than at the south end !zones 1-41, due 
pri.marily to the marked decrease in angler effort at the north end. 
Harvest rates in 1991 were rougrdy similar for zones 2-6, but were 
slightly less in zones 1 and 2. Of particular· interest is the marked 
decrease 150/.J in HPUE at the north end of the lake from !990 to !991. 
This suggests that older rainbow trout age classes are still suffering 
the effects of overharvest at the north end, since angling effort was 
similar both years. 

Harvest 

The 1990 and 1991 over-all Call spec1es combined! and rainbCJVJ trout 
harvest estimates are greatly reduced from previous years (Table 27J .. 
Rainbow trout harvest levels in the early 1970's (average= 36~153) and 
mid-1980's (average= 20,5141 were approximately ten and five times 
larger, respectlvely, than the !990 13,7741 and !991 13,8331 totals. 
The dramatic reductiC)!'! in harvest is due primarily to the reduced daily 
catch limit <eight fish reduced to three), minimum size restriction (no 
size limit changed to 13-inch minimum size)~ shorter season (mid-June 
opener changed to July 1 opener> and reduced reservoir fishing effort. 
In addition, an apparent continued reduction of the reservoir fish 
population can be expected to contribute to the decline. The small 
harvest increase 12%1 in !991 compared to 1990 is due primarily to 
increased effort on the reservoir in 1991. 

The greater proportion of rainbow trout in the overall !990 and 1991 
harvests <99.5% and 99.0%, respectively! is due to fewer numbers of 
dolly varden char/bull trout being caught. The !990 bait fishing 
restriction coupled with a resultant decrease in anglers fishing with 
live and/or scented bait off stream mouths is prooably responsible for 
the dolly varden char/bull trout harvest reduction. 

Age 

The 13-inch <317 mm fork length) mlnimum size restriction resulted in a 
greater percentage of older rainbow trout in the !990 and 1991 harvests 
than in previous studies (Table 2BJ. Most of the 1990 harvest was 
composed of age 3 147 percent) and age 4 <32 percent! fish, while the 
1991 harvest was comprised primarily of age 4 <60 percent) and age 5 
<23 percent) fish. This is in contrast to earlier years, when small 
numbers of age 1 and large numbers of age 2 fish were present in the 
harvest. Except for 1986, when age 3 fish comprised the majority of the 
harvest, age 2 fish were the age class harvested in greatest numbers by 
anglers prlor to 1990. Johnston <19891 attributes the increase in 
percentage of older age classes Cage 3 and age 41 in the harvest from 
the early 1970's to the mid-1980's to anglers targeting older Canadian 
Skagit River rainbov.l trOLJt <that enter the reservoir fishery in June and 
again in September and October! at the north end of the lake, and to 
selectively "high-grading" their catch to retain the largest and 

-64-



TABLE 28. Percent age class contribution• of rainbo.N trout to the 
1971-73, 1985-86, and 1990-91 seasonal sport harvest at Ross 
Reservoir. 

Percent of Season Harvest 

Age 1971 1972 1973 1985 1986 1990 !991 

2 55 49 62 36 28 10 0 
3 26 39 29 29 40 47 15 
4 7 8 6 13 19 32 60 
5 1 2 1 4 4 10 23 
6 0 0 0 1 1 1 2 
7 0 0 0 0 0 <1 0 

•Fishing ~egulations diffe~ed between 1971-73, 1985-86 and 1990-91. See 
Johnston ( 1989! and Appendix 1. 
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